ABSTRACT
currant jelly stools. However, this triad is encountered in only 25-50% of cases. This can result in delays in diagnosis and treatment. Ultrasonography (USG) is the method most commonly used to diagnose intussusception. [1] Treatment options include enema reduction when appropriate, and should nonoperative methods prove unsuccessful, surgical intervention. Recently, the most commonly used method of treatment has been fluoroscopic or USG-guided pneumatic reduction (PR). It is known as a reliable approach based on the high rates of success and low rates of complication reported in several case series. In spite of this, there have been cases in which PR was unsuccessful, or intussusception recurred early on, following the PR, though these cases are rare. The present objective was to evaluate cases in which intussusception was unsuccessfully treated with PR in the present institution, as well as cases in which intussusception recurred following PR treatment.
INTRODUCTION
Intussusception is the most common cause of bowel obstruction in children between the ages of 3 months and 3 years, and incidences in children between the ages of 5 and 9 months are on the rise. The classic triad of intussusception consists of colicky abdominal pain, palpable abdominal mass, and red
MATERIALS AND METHODS
Files of 401 patients who presented with intussusception and were treated with PR between 2003 and 2014 were retrospectively reviewed.Of the cases reviewed, 61 were included. In 20 of which, reductions could not be completed using the pneumatic method (Group 1), and in 41 of which, intussusception recurred following successful reduction (Group 2). Patient age and gender, duration of symptoms, seasonal distribution, failure and recurrence rates, and underlying pathologies were evaluated.
All patients underwent the same standard procedures. Diagnosis was based on physical examination, upright direct abdominal radiography, and abdominal USG. USG was used to detect the presence of intussusception, intra-abdominal fluid, mesenteric lymphadenopathy (LAP) and pathological lead point, as well as to determine the length of the intussuscepted segment. Sufficient intravenous fluid replacement and a single dose of antibiotics were administered prior to the procedure. A nasogastric tube was inserted. As soon as the families gave consent, PR was performed.
All PR procedures were performed by a pediatric surgery and anesthesiology team under standard operating conditions with fluoroscopic guidance. Blood pressure, heart rate, and oxygen saturation were monitored. Sedation was achieved by administering a 0.1 mg/kg intravenous dose of Dormicum (midazolam). An insufflator bulb, a sphygmomanometer, and an 18-F Foley catheter were used during PR. Air was insufflated to a maximum pressure of 120 mmHg via the Foley catheter, which was inserted into the rectum. When fluoroscopy demonstrated that the mass was gone and that air was passing into the small intestine, the procedure was considered successful and the operation was brought to a close. If the intussuscepted segment was not reduced, or perforation occurred during the procedure, the procedure was deemed unsuccessful and laparotomy was performed.
Re-intussusception was defined as the occurrence of colicky abdominal pain and the radiologic appearance of intussuscepted segment recurrence following an initial successful PR of the intussuscepted segment, either immediately or after a delay. In these patients, PR was repeated in the same manner as in primary intussusception cases. Laparotomy was performed if reduction could not be accomplished using the pneumatic method.
Statistical analysis was performed using chi-square test and Student's t-test. A p value of <0.05 was considered significant.
RESULTS
A total of 401 patients underwent PR during the study period. PR was unsuccessful in 20 of these cases. In 41 cases, patients experienced at least 1 recurrent episode of intussusception.
Group 1 consisted of 20 cases (15 male, 5 female) for whom reduction could not be completed using the pneumatic method. Rate of failed PR was 5%. Mean age of this group was 14.2 months (range 2.5 months-6 years). Age distribution analysis demonstrated that 15 patients (75%) were aged between 0 and 1 years, and 5 patients (25%) were aged between 1 and 6 years. Mean symptom duration prior to presentation was 2.5 days (range 1-7 days). Rectal bleeding was present in 7 cases. Intussusception was detected on USG in 16 cases. Average size of intussuscepted segment detected by USG was 7 cm (range 3-10 cm). Anechoic fluid was detected in the abdomens of 9 patients (45%). Mesenteric lymphadenopathy (MLA) was observed in 7 patients. No additional pathological lead points were detected on USG ( Table 1 ).
Fifteen of the 20 patients in Group 1 underwent laparotomy due to failure to reduce the intussuscepted bowel segment. During laparotomy, additional pathologies were noted: mesenteric LAP and/or Peyer's patch hyperplasia in 13 cases, and Meckel's diverticulum in 2 cases. Five of the 20 patients underwent laparotomy after perforation occurred ( Figure 1 ). Of these 5, mean age was 8 months (range: 6-9 months), and mean time to presentation was 3 days (range: 2-4 days).
Rectal bleeding was present in 3 cases. In 1 case, no intussusception had been detected on USG. Average size of intussuscepted segments detected on USG was 3 cm (range 3-6 cm). Anechoic fluid was detected in the abdomen in 4 cases (80%), and mesenteric LAP was present in 3 cases. Underlying pathologies observed during laparotomy were Meckel's diverticulum in 3 cases and mesenteric LAP and/or Peyer's patch hyperplasia in 2. The properties of these cases of perforation were considered, and statistical analysis was performed (Table 2) . Analysis demonstrated that in the cases of perforation, only the presence of intra-abdominal fluid on USG was statistically significant (p<0.05). Anatomic location of intussusception in Group 1 was ileocolic in 18 cases, ileoileal in 1 case, and colocolic in 1 case. experienced re-intussusception. Rate of re-intussusception was 10.2%. Mean age of this group was 20 months (range: 3 months-6 years). Analysis of age distribution demonstrated that 26 patients (63%) were aged between 0 and 1 years, 11 patients (27%) were aged between 1 and 3 years, and 4 patients (10%) were aged between 3 and 6 years. Time to appearance of re-intussusception was within the first 24 hours in 21 cases (51%). Twelve of these patients (29%) were younger than 1 year. Re-intussusception occurred in spring in 20 cases (49%), in winter in 10 cases (24%), in summer in 9 cases (22%), and in autumn in 2 cases (5%).
Group 2 consisted of 41 patients (33 male, 8 female) who
No intussusception was detected on USG examination in 5 cases in Group 2. Mean size of intussuscepted segments detected with USG was 5 cm (range: 2-12 cm). Mesenteric LAP was present in 30 cases (73%). Anechoic fluid was detected in the abdomen in 12 cases. No additional pathological lead points were detected on USG.
Five Group 2 patients experienced more than 1 recurrence of intussusception. Of the 41 Group 2 patients, recurrent intussusception (RI) was treated by PR in 36, and laparotomy and manual reduction in 5 ( Figure 2 ). In 2 of the 5 cases, no intussuscepted segment was detected on USG examination. Anechoic fluid was detected in the abdomen in 3 cases. No additional pathological lead points were detected on USG in these patients. Operative findings were mesenteric LAP and/or Peyer's patch hyperplasia in 4 patients and polyp in 1. Pathologic examination of the polyp was consistent with juvenile polyps. Anatomic location was ileocolic in 3 cases and ileoileal in 1. The patient with ileoileal intussusception was the only to undergo laparotomy twice. No statistically significant difference was found in age, gender, presence of intraabdominal fluid on ultrasound, or size of intussuscepted segment in Group 2 patients who underwent surgery (p>0.05). 
Group 1 Unsuccessful PR n=20
Perforation n=5
Failed PR n=15
Laparotomy n=5
Laparotomy n=15
Mesenteric lymphadenopathy and/or Peyer's patch hyperplasia n=13
Meckel's diverticulum n=2
Mesenteric lymphadenopathy and/or Peyer's patch hyperplasia n=2
Meckel's diverticulum n=3 
Group 2 Re-intussusception n=41
Successful PR n=36
Mesenteric lymphadenopathy and/or Peyer's pa tch hyperplasia n=4
Juvenile polyp n=1
When data of Groups 1 and 2 were statistically compared, no significant differences were found regarding age, gender, presence of intra-abdominal fluid on USG, or presence of mesenteric LAP.
DISCUSSION
Intussusception is the most commonly encountered cause of bowel obstruction in childhood, with a reported incidence of 56/100000. It most frequently occurs in patients aged between 3 months and 3 years. The classic triad of intussusception symptoms, which includes colicky abdominal pain, red currant jelly stools, and palpable abdominal mass, are encountered in only 25-50% of cases. The potential variety of symptoms can lead to difficulty in identification and diagnosis, and thus delays in therapy.
The first-line treatment of intussusception, if no signs of perforation or peritonitis are present, is enema reduction, a nonoperative method. Surgical intervention is performed on patients with signs of peritonitis upon initial presentation, and in cases in which enema reduction was not successful. Enema reduction is performed in a hydrostatic or a pneumatic manner, and under guidance of fluoroscopy or USG. Various studies have reported success rates of 40-95% for nonoperative treatments. Hydrostatic and pneumatic reductions have been compared in numerous studies, and higher rates of success and lower mortality rates have been reported with the use of pneumatic reductions. [1] [2] [3] [4] The success rate of PR was found to be 88-95%. [3, 5] The pneumatic method has other advantages, as well. It may be used in the diagnosis and treatment of intussusception, and it carries a lower radiation risk, compared to hydrostatic reduction. Moreover, in the event of perforation, there will be less peritoneal spread, corresponding to a lower rate of morbidity and mortality. [5] For these reasons, many publications recommend PR as a firstline treatment. [3] The open surgery method was the former first-line treatment at the present institution, but PR has increasingly taken its place, particularly over the past decade, [6] and the PR success rate is 95%.
Two limiting factors must be discussed with regard to PR: failure to identify lead points and pseudo reductions. [5] In the present series, a total of 25 laparotomies were performed, and pathological lead points were identified in 6 of these patients (Meckel's diverticulum in 5 cases, juvenile polyp in 1 case). Perforation was observed during the PR procedure in 3 of the 5 patients with Meckel's diverticulum. The complications of PR are failed reduction, perforation, and in rare cases tension pneumoperitoneum and RI. [7] [8] [9] Reasons for failure of nonoperative methods have been questioned in a number of studies. Success rates may vary based on patient-related factors or factors relating to the team performing the procedure. Patient-related factors evaluated were lateness of presentation, age of patient, dehydration, lethargy, the presence of bloody stools, and the length of the intussuscepted segment. It has been determined by a majority of authors that the factors increasing the probability of surgical intervention were use of hydrostatic enema, failure of the first attempt at enema reduction, bloody stools, symptoms that had lasted more than 24-48 hours, age younger than 1 year, and a long length of intussuscepted bowel. [1, 10] In the present series, the rate of unsuccessful reduction was 5%, and 75% of those patients were younger than 1 year of age. However, this was not found to be statistically significant. In contrast to these studies, Tareen found no relationship between failure in PR and length of symptoms, and reported a PR success rate of 88%, even in recurrent cases. [3] At a different center, Curtis et al. reported that patients presenting following unsuccessful reduction showed similar PR results to primary patients. [11] In the present study, the average time from onset of symptoms was 60 hours in the failed reduction group, suggesting that time alone should not be a contraindication for PR, but must be evaluated together with other factors.
The success rate of PR demonstrates a correlation with USG data in the diagnostic stage. USG indications of thinning of the intestinal walls, lead points, or fluid (either between bowel loops or free in the abdomen) increases the probability of need for surgical intervention. Presence of these findings may be associated with failed reduction and occurrence of perforation. Presence of fluid between bowel loops has been shown to result in a fourfold reduction in the success rate of PR. Nevertheless, it is recommended in the literature that USG findings be evaluated with other clinical findings. In the present study, it was particularly noteworthy that free intraabdominal fluid was found on USG in 80% of cases that included perforation. [1, 5, 12] No correlation of USG signs of intraabdominal fluid and perforation were presently determined.
Another factor that may affect the success of PR is the experience of the team performing the procedure and the techniques used. This procedure is generally carried out by a pediatric radiology team. A pediatric anesthesiology and surgical team must also stand by at the ready in the event of an unsuccessful reduction or the development of other complications. PR can be performed under guidance of USG or fluoroscopy. USG-guided PR is a non-invasive procedure with a high success rate. The drawback is that it requires a high level of experience with USG. The most frequent point of criticism in fluoroscopic-guided PR is the exposure to radiation. PR has been shown to possess a lower radiation risk, compared to reduction with barium enema. [3] As experience with PR increases, the rate of complications decreases, procedure time is shortened, and consequently, the exposure to radiation decreases. [5, 13] PR performed by inexperienced teams is reported to have lower success rates and higher rates of complication. [5] PR procedures at the present clinic are performed under standard operating conditions with fluoroscopic guidance. An anesthesiology team performs the sedation, and PR is performed by a pediatric surgery team. This eliminates the need for a pediatric radiologist to be at the clinic around the clock, and allows for fast intervention in the event of complications. Moreover, the high success rate of the present series is thought to be due to the same team performing this procedure, and the high level of experience they have obtained in doing so.
The most feared complication of PR is perforation, and consequent tension pneumoperitoneum. Perforation rates of 0.1-3% have been reported in various case series. [5, 9, 14, 15] In the present series, that rate was 1.2%. It has been reported that intracolonic pressure can be safely maintained at 80-130 mmHg. [8, 14, 16] The area of perforation in PR is smaller, generally does not increase in size, and results in less fecal spread, compared to hydrostatic reduction. [16] The rate of complications such as ischemic bowel, perforation, and peritonitis particularly increases in cases involving late diagnosis, general poor health, and a history of bloody stools. Perforation is seen more often in patients younger than 1 year. [3] The presence of pathological lead points increases the probability of perforation during PR. [1] In the literature, 20% of patients undergoing open surgery demonstrated pathological lead points such as Meckel's diverticulum, lymphoma, intestinal polyps, and adenocarcinoma. Patients older than 5 years of age were found to have a higher probability of underlying pathology. [1, 15] In the present series, all 5 patients who experienced perforation were under 1 year of age, and a pathological lead point was present in 60%. Average time to presentation was 3 days. This suggests that late presentation increases complications, which is consistent with the literature.
The use of sedation during the PR procedure remains controversial. In an experimental study by Shiels, the performance of the Valsalva maneuver during PR was reported to protect against perforation, but deep sedation prevents the patient from performing this maneuver. [16] On the other hand, Ilivitzki et al. has stated that the use of propofol provides sedation, reduces the dose of radiation exposure by shortening the procedure, and makes the entire procedure more comfortable for children and families. [17] At the present clinic, the anesthesiology team administered intravenous midazolam for sedation during PR to all patients. When the high rate of success and the low rate of perforation in the present series are considered, it does not appear that the use of sedation is associated with the development of perforation.
Incidence of RI following enema reduction has been reported between 8-15%. [7, 14, 15] In the present study, this rate was 10.2%. In the work of Niramis et al., it was reported that 68% of RI patients experienced the initial episode younger than 1 year of age, and 70% of recurrences occurred in the 6 months following the initial episode. In cases of RI, it was noted that patients were brought to the hospital earlier, due to earlier symptom recognition by families. Niramis et al. also reported that the rate of pathological lead point presence was 3 times higher in cases of RI. [7] Of the present cases of RI, 65% were under 1 year of age, 42% occurred within the first 24 hours after PR, and they were associated with a high rate (75%) of mesenteric LAP on USG. In this group, 4 of the 5 patients (80%) who underwent laparotomy exhibited pathological lead points. Other studies have shown that PR can be safely performed, even in the presence of a pathological lead point, but that in these patients the incidence of RI was higher. The relationship between recurrence and surgical intervention is controversial. For patients older than 2 years of age at the first episode, for patients in which the first treatment method used was reduction enema, and for patients suspected of having pathological lead points, surgical intervention is recommended. [7, 18] Conclusion PR is an effective and safe method in the treatment of intussusception. Late presentation and additional underlying pathologies reduce the success of the procedure and increase the rate of complications. The presence of intra-abdominal fluid on USG should be considered a strong indication of the possibility of perforation. Nevertheless, patients should be evaluated by taking all other factors into consideration. Prior failed intervention, the existence of long-lasting symptoms, and re-intussusception should not provide any obstacle to attempting PR, particularly when an experienced pediatric radiologist, and an experienced pediatric surgery and anesthesiology team are present.
